To make proton-conducting solid polymer electrolyte membrane (PEM) materials having:
• high proton conductance at high temperature (up to 120°C)
• effectively no co-transport of molecular species with proton • reduction of fuel cell overvoltage • good mechanical strength and chemical stability Objectives 4 SYNTHESIS Proton-conducting PEMs are being made that are based on protic salt electrolyte concepts.
Protic ionic liquids (PILs) will be used to model membranes.
Acid and base moieties & polymer properties varied to optimize properties of a protic salt membrane (PSM).
• Liquid sorbed membranes • Membranes with covalently and electrostatically immobilized ions are being made.
CHARACTERIZATION
The first goals are to make stable liquid and then membrane electrolytes with: conductivity > 0.2 Siemen/cm at 120°C and > 0.0005 S/cm at -20°C.
Mechanism of proton conduction is being determined to guide electrolyte/membrane making.
The conductivity and thermal & oxidative stability of these electrolytes are being measured from -20 to 120°C
Proton conduction is being characterized by electrochemical impedance spectroscopy (EIS)
The mechanism of transport of protons, anions, and molecules investigated three NMR methods: 1. pulse field gradient NMR to determine the diffusivity of ions, 2. multipulse solid state NMR to measure the molecular motion and interactions of species in membranes, 3. electrochemical NMR to measure distribution of species during proton conduction. 
Fuel Cells with New Stable PIL Electrolytes
A Tafel plot, cell potential (V) versus log of current density, for a series of inorganic binary ammonium salts, an organic ammonium salt, and phosphoric acid. The plateau at low current density indicates barrier free electroreduction. Shortening the side chain leads to marked increases in conductivity. We examined five different acids and found methane sulfonic acid gave the highest conductivity of the low cost acids. 
1H
•Complimentary to the DQ-filter is the conventional spin-echo pulse sequence
•This sequence can be used to filter out the rigid component of the NMR spectra
•The spin-echo technique will be implemented to investigate highly mobile 1 H species in PEM
• Measurements will be made as a function of temperature to extract the activation energy for proton hopping
In progress
